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1 " H (57) Abstract: Drug delivery cannulae (50) are disclosed. One embodiment of a cannula includes a distal portion (52) having a 
® radius of curvature substantially equal to a radius of curvature of the globe of the human eye, a proximal portion (54), and a bend 
O separating the distal portion and the proximal portion. A tangent (72) of the distal portion at the bend is disposed at an angle of 
no more than about 56 degrees with respect to the proximal portion. The cannulae are capable of sub-Tenon drug delivery to the 
^ posterior segment of the human eye proximate the macula. 
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SUB-TENON DRUG DELIVERY 

This application claims the benefit of U.S. Provisional Application Serial No. 
60/161,660, filed October 21, 1999, which is incorporated herein in its entirety by this 
reference. 

Field of the Invention 

The present invention generally pertains to the delivery of ophthalmically 

acceptable pharmaceutically active agents to the back of the eye. More particularly, 

but not by way of limitation, the present invention pertains to apparatus and methods 
5 for sub-Tenon delivery of a drug depot to the posterior segment of a human eye 

proximate the macula. 

Description of the Related Art 

Several diseases and conditions of the posterior segment of the eye threaten 

vision. Age related macular degeneration (ARMD), choroidal neovascularization 
1 0 (CNV), retinopathies (e.g., diabetic retinopathy, vitreoretinopathy), retinitis (e.g., 

cytomegalovirus (CMV) retinitis), uveitis, macular edema, and glaucoma are several 

examples. 

Age related macular degeneration (ARMD) is the leading cause of blindness in 
the elderly. ARMD attacks the center of vision and blurs it, making reading, driving, 
1 5 and other detailed tasks difficult or impossible. About 200,000 new cases of ARMD 

occur each year in the United States alone. Current estimates reveal that 
approximately forty percent of the population over age 75, and approximately twenty 
percent of the population over age 60, suffer from some degree of macular 
degeneration. "Wet" ARMD is the type of ARMD that most often causes blindness. 
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In wet ARMD, newly formed choroidal blood vessels (choroidal neovascularization 
(CNV)) leak fluid and cause progressive damage to the retina. 

In the particular case of CNV in ARMD, two main methods of treatment are 
currently being developed, (a) photocoagulation and (b) the use of angiogenesis 
inhibitors. However, photocoagulation can be harmful to the retina and is impractical 
when the CNV is in proximity of the fovea. Furthermore, photocoagulation often 
results in recurrent CNV over time. Oral administration of anti-angiogenic 
compounds is also being tested as a systemic treatment for ARMD. However, due to 
drug-specific metabolic restrictions, systemic administration usually provides sub- 
therapeutic drug levels to the eye. Therefore, to achieve effective intraocular drug 
concentrations, either an unacceptably high dose or repetitive conventional doses are 
required. Various implants have also been developed for delivery of anti-angiogenic 
compounds locally to the eye. Examples of such implants are disclosed in U.S. Patent 
Nos. 5,824,072 to Wong, U.S. Patent No. 5,476,51 1 to Gwon et al., and U.S. Patent 
No. 5,773,019 to Ashton et al. 

In addition, it is known to use a straight, 5/8 inch long, 25 gauge needle to 
perform sub-Tenon injection of corticosteroids for the treatment of posterior uveitis or 
macular edema associated with uveitis or anterior segment surgery. See Uveitis: A 
Clinical Approach to Diagnosis and Management (Second Edition) , Ronald E. Smith 
and Robert A. Nozik, 1989, pp. 63-68; "Echographic Localization of Corticosteroids 
After Periocular Injection", William R. Freeman, Ronald L. Green, and Ronald E. 
Smith, American Journal of Ophthalmology 103:281-288, March 1987. In such 
methods, a physician attempts to dispose the tip of the needle near the macula but 
without penetrating the posterior ciliary arteries or the optic nerve. However, because 
the physician cannot see the tip, as well as movement of the eyeball within the orbit 
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due to contact with the straight needle, it is very difficult to precisely place the tip at 
the desired location near the macula. For the same reasons, it is also very difficult to 
determine whether the tip is correctly positioned below the Tenon's capsule. Such 
methods do not insure a consistent delivery of a specific quantity of drug to a region 

5 over the macula. In fact, the literature reports that only about 57 percent of injections 

using this method result in drug being placed in the sub-Tenon space overlying the 
macular area. "Echographic Localization of Corticosteroids After Periocular 
Injection", pp. 283-285. In addition, moving a straight needle along the curved 
surface of the sclera causes "tenting" or stretching of the overlying Tenon's capsule. 

1 0 Such movement may cause penetration of the Tenon's capsule, allowing drug to be 

injected into surrounding tissues. Furthermore, such movement may also cause 
inadvertent penetration of the sclera, resulting in injection of drug into the vitreous 
cavity. More importantly, penetration of the sclera may result in significant damage to 
the eye or even a loss of sight. Documented complications of such penetrations 

1 5 include orbital hemorrhage, central retinal vein occlusion, and central retinal artery 

occlusion. 

Referring to FIG. 6, it is also known to use a blunt 19 gage cannula 200 having 
a hub 201, a straight proximal portion 202, and an angled distal portion 204 to 
perform sub-Tenon injection of anesthesia for cataract and vitreoretinal surgery. See 
20 "Local Anesthesia for Vitreoretinal Surgery", Calvin E. Mein and Michael G. 

Woodcock, Retina 10: 47-49, 1990; "Ocular Anesthesia for Cataract Surgery: A 
Direct Sub-Tenon's Approach", Ophthalmic Surgery 21:696-699, 1990; "Single 
Quadrant Sub-Tenon's Bock: Evaluation of a New Local Anaesthetic Technique for 
Eye Surgery", Anaesthesia and Intensive Care 24: 241-244, April 1996. However, 
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such cannulae also suffer from the above-described "tenting" and penetration 
problems if used to deliver drugs into the sub-Tenon's space above the macula. 

It is also known to use a gently curved cannula 210 as shown in FIG. 7 to 
perform sub-Tenon injection of anesthesia for cataract surgery. See "Curved, Sub- 
5 Tenon Cannula for Local Anesthesia", Julian D. Stevens, Ophthalmic Surgery , 

24:121-122, February 1993. However, this cannula also suffers from the above- 
described "tenting" and penetration problems if used to deliver drugs into the sub- 
Tenon's space above the macula. 

It is also known to use a 24 gauge cannula that has a straight proximal portion 
1 0 and a curved distal portion that is disposed at a 90 degree angle to the straight portion 

to inject a local anesthetic solution below the Tenon's capsule. The straight portion 
has a length of 5 mm. The curved portion has a radius of curvature of 14 mm and an 
arc length of 27 mm. See "A Modified Sub-Tenon's Cannula for Local Anesthesia", 
P. Muthusamy and Richard F. Hommersom, Asia-Pacific Journal of Ophthalmology, 
1 5 Volume 8, No. 3 (July 1 996). However, because of its geometry, this cannula is not 

suitable for the delivery of drugs in the form of suspensions, emulsions, ointments, or 
gels, or drugs in such forms including bioerodable polymers or non-bioerodable 
polymers. 

Therefore, a need exists in the field of ophthalmology for improved apparatus 
20 and methods for sub-Tenon delivery of a drug depot to the posterior segment of a 

human eye proximate the macula that do not suffer from the above-described 
limitations. The improved apparatus and methods should be safe for the patient, easy 
for the physician to use, capable of delivering a wide spectrum of formulations, and 
capable of being performed in an outpatient setting. 
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Summary of the Invention 

One aspect of the present invention comprises a cannula including a distal 
portion having a radius of curvature substantially equal to a radius of curvature of a 
globe of the human eye, a proximal portion, and a bend separating the distal portion 
5 and the proximal portion. A tangent of the distal portion at the bend is disposed at an 

angle of no more than about 56 degrees with respect to the proximal portion. 

In another aspect, the present invention comprises a method of delivering a 
drug to the human eye. A cannula is inserted below the Tenon's capsule and above 
the sclera of the human eye at a point posterior to a limbus of the eye. The cannula 
1 0 includes a distal portion having a radius of curvature substantially equal to a radius of 

curvature of the globe of the human eye. A drug is injected through the cannula to 
form a drug depot on an outer surface of the sclera. The drug comprises a 
pharmaceutical^ active agent selected from the group consisting of 4,9(1 1)- 
Pregnadien- 1 la.,2 1 -diol-3 ,20-dione and 4,9(1 1 )-Pregnadien- 1 7a,2 1 -diol-3 ,20-dione- 
15 21 -acetate. 

In another aspect, the present invention comprises a cannula including a hub 
for removably coupling to a syringe, a proximal portion, and a distal portion. The 
distal portion has a tip, an orifice proximate the tip, and a radius of curvature 
substantially equal to a radius of curvature of the globe of the human eye. The part of 
20 the distal portion proximate the tip comprises a plastic. 

Brief Description of the Drawings 

For a more complete understanding of the present invention, and for further 
objects and advantages thereof, reference is made to the following description taken in 
conjunction with the accompanying drawings in which: 
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FIG. 1 is a side sectional view schematically illustrating the human eye and a 
drug depot according to a preferred embodiment of the present invention; 

FIG. 2 is a side, partially sectional view schematically illustrating a cannula for 
creating the drug depot of FIG. 1 according to a preferred embodiment of the present 
5 invention; 

FIGS. 3A through 3E are side views schematically illustrating additional 
preferred embodiments of the cannula of FIG. 2; 

FIG. 4 is a side view schematically illustrating a preferred embodiment of the 
cannula of FIG. 2 having dual lumens; 
1 o FIG. 5 is a side view schematically illustrating a second preferred embodiment 

of the cannula of FIG. 2 having dual lumens; 

FIG. 6 is a side view schematically illustrating a first conventional cannula; 

and 

FIG. 7 is a side view schematically illustrating a second conventional cannula. 
15 Detailed Description of the Preferred Embodiments 

The preferred embodiments of the present invention and their advantages are 
best understood by referring to FIGS. 1 through 5 of the drawings, like numerals being 
used for like and corresponding parts of the various drawings. 

FIG. 1 schematically illustrates a human eye 10. Eye 10 has a cornea 12, a 
20 lens 14, a sclera 16, a choroid 18, a retina 20, and an optic nerve 22. An anterior 

segment 24 of eye 10 generally includes the portions of eye 10 anterior of line 25. A 
posterior segment 26 of eye 10 generally includes the portions of eye 10 posterior of 
line 25. Retina 20 is physically attached to choroid 18 in a circumferential manner 
proximate pars plana 28. Retina 20 has a macula 30 located slightly lateral to optic 
25 nerve 22. As is well known in the ophthalmic art, macula 30 is comprised primarily 
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of retinal cones and is the region of maximum visual acuity in retina 20. A Tenon's 
capsule or Tenon's membrane 34 is disposed on sclera 16. A conjunctiva 36 covers a 
short area of the globe of eye 10 posterior to limbus 32 (the bulbar conjunctiva) and 
folds up (the upper cul-de-sac) or down (the lower cul-de-sac) to cover the inner areas 
5 of upper eyelid 35 and lower eyelid 37, respectively. Conjunctiva 36 is disposed on 

top of Tenon's capsule 34. 

Sclera 16 and Tenon's capsule 34 define the exterior surface of the globe of 
eye 10. For treatment of ARMD, CNV, retinopathies, retinitis, uveitis, cystoid 
macular edema (CME), glaucoma, and other diseases or conditions of posterior 

1 0 segment 26, it is preferable to dispose a depot 38 of a specific quantity of an 

ophthalmically acceptable pharmaceutically active agent directly on the outer surface 
of sclera 16 and below Tenon's capsule 34. In addition, in cases of ARMD and CME 
it is most preferable to dispose depot 38 directly on the outer surface of sclera 16, 
below Tenon's capsule 34, and generally above macula 30. In a study using New 

1 5 Zealand White rabbits, a drug depot of 4,9(1 l)-Pregnadien-17a,21-diol-3,20-dione- 

21 -acetate, an angiostatic steroid available from Steraloids, Inc. of Wilton, New 
Hampshire, was disposed directly on the outer surface of the sclera, below the 
Tenon's capsule, and slightly posterior of the equator of the rabbit eyes. Such a drug 
depot resulted in a concentration of the angiostatic steroid, averaged over the entire 

20 retina and measured the day after the injection, about ten times greater than a similar 

concentration delivered by a depot located below the conjunctiva but above the 
Tenon's capsule of the rabbit eyes. Given the fact that the Tenon's capsule of a New 
Zealand White rabbit is very thin, these beneficial results are highly unexpected. It is 
important to note that Tenon's capsule 34 of human eye 10 is also very thin. 4,9(1 1)- 

25 Pregnadien-1 7a,21-diol-3,20-dione-21 -acetate, and the related compound 4,9(1 1)- 

7 
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Pregnadien-17a,21-diol-3,20-dione, are more fully described in U.S. Patent Nos. 
5,770,592 and 5,679,666, which are incorporated herein in their entirety by reference. 

Referring now to FIG. 2, a cannula 50 for creating drug depot 38 according to 
a preferred embodiment of the present invention is schematically illustrated. Cannula 

5 50 generally includes a distal portion 52, a proximal portion 54, and a hub 56. A bend 

57 separates distal portion 52 and proximal portion 54. A hollow bore 58 runs axially 
within distal portion 52 and proximal portion 54 and is fluidly coupled with a hollow 
bore 60 within hub 56. 

Distal portion 52 preferably has a blunt tip 62 to prevent damage to blood 

1 0 vessels in the periocular tissues and to pass smoothly over sclera 16. An orifice 64 is 

located proximate tip 62 for delivery of a drug formulation. Orifice 64 is preferably 
located about 1 mm from tip 62 on the lower or interior side of distal portion 52 to 
minimize the possibility of connective tissue blockage. Orifice 64 may alternatively be 
located on the end, on the upper or exterior side, or on other portions of distal portion 

1 5 52. In addition, distal portion 52 may have multiple orifices, if desired. Orifice 64 is 

preferably circular and preferably has a 0.025 inch diameter that insures a smooth, 
controlled delivery of drug. Alternatively, other shapes and sizes of orifice 64 may be 
used. 

Distal portion 52 and proximal portion 54 are preferably formed out of 19 
20 gauge needle stock. However, other sizes of tubing may be utilized depending on the 

viscosity and/or volume of material to be injected. Distal portion 52 and proximal 
portion 54 are preferably made of surgical stainless steel. Other conventional 
materials such as Teflon, other metals, metal alloys, polyethylene, polypropylene, 
other conventional plastics, or combinations of the foregoing may also be used. For 
25 example, distal portion 52 may be made from a plastic. As another example, a part of 



distal portion 52 proximate tip 62 may be made from plastic, and the remainder of 
distal portion 52 and proximal portion 54 may be made from metal. The plastic 
preferably has sufficient softness and/or flexibility to minimize the possibility of 
penetration of sclera 16 or Tenon's capsule 34 when cannula 50 is inserted into eye 
10, as described hereinbelow. In addition, the length of the plastic portion of distal 
portion 52, as well as the specific plastic, are preferably selected so that distal portion 
52 maintains its radius of curvature B when cannula 50 is inserted into eye 10. 

Hub 56 is for removably coupling to a conventional syringe (not shown). Hub 
56 preferably complies with Luer Taper Specification 70.1 of the American Standards 
Association. Hub 56 preferably includes a locator protuberance 66 that is coplanar 
with distal portion 52 and proximal portion 54. Protuberance 66 allows a physician to 
know the orientation of distal portion 52 even when it is inserted below Tenon's 
capsule 34. Hub 56 is preferably made of conventional plastics. 

Referring to both FIGS. 1 and 2, distal portion 52 preferably has an arc length 
A and a radius of curvature B that closely approximate the curvature of sclera 16 of an 
adult human eye 10 from insertion points 70a or 70b, each of which is about 5 mm to 
about 10 mm posterior of limbus 32. Arc length A and radius of curvature B insure 
that drug depot 38, and more specifically, a specific quantity of pharmaceutically 
active agent, is deposited on the outer surface of sclera 16 generally above macula 30. 

Arc length A and bend 57 also limit the depth of insertion of cannula 50 along 
sclera 16, preventing tip 62 from accidentally contacting and damaging posterior 
ciliary arteries 40 or optic nerve 22. For an adult human eye 10 and for superior 
temporal or inferior temporal sub-Tenon insertion of cannula 50, arc length A is 
preferably about 15 mm to about 18 mm. Arc length A may be varied for patient's 
with smaller or larger than average adult eyes, for pediatric patient's with smaller 
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eyes, or for different insertion points into Tenon's capsule 34. A tangent 72 of distal 
portion 52 at bend 57 is preferably formed at an angle C with respect to proximal 
portion 54. In addition to making bend 57 a physical limit to the insertion of cannula 
50, angle C also raises the angle of hub 56 so that the face, bridge of the nose, and 
eyebrows of a patient to not interfere with the attached syringe. Angle C is also 
important to the successful delivery of drugs in the form of suspensions, emulsions, 
ointments, or gels, or drugs in such forms including bioerodable polymers or non- 
bioerodable polymers. Angle C is preferably no more than about 56 degrees. Angle C 
is most preferably about 56 degrees. Proximal portion 54 preferably has a length D of 
about 15 mm. Other angles and lengths may be used for angle C and length D for 
specific applications of cannula 50. 

Radius of curvature B insures that distal portion 52 does not drag or put 
pressure on sclera 16 as cannula 50 is advanced to the proper position, minimizing the 
risk of sceral penetration. In addition, radius of curvature B eliminates the "tenting" 
or pulling away of Tenon's capsule 34 from sclera 16, minimizing the risk of 
penetration into the periocular tissues. For an adult human eye 1 0 and for superior 
temporal or inferior temporal sub-Tenon insertion of cannula 50, radius of curvature B 
is preferably about 1 1.5 mm to about 14 mm, and most preferably about 12.5 mm. 
Radius of curvature B may be varied for patients with smaller or larger than average 
adult eyes, for pediatric patients with smaller eyes, or for different insertion points 
into Tenon's capsule 34. 

Cannula 50 may be used to inject a wide variety of drug formulations using the 
following preferred techniques. In a first preferred technique, a physician first 
anesthetizes eye 1 0 using conventional topical anesthetic drops. The patient is then 
instructed to look down and toward his or her nose. Next, the physician uses a 25 
10 
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gage, 5/8 inch needle to penetrate both conjunctiva 36 and Tenon's capsule 34 at a 
point about 4 mm posterior to limbus 32 in the superior temporal quadrant of eye 10. 
The needle is then advanced along the outer surface of sclera 1 6 to a point about 8 mm 
to about 9 mm posterior of limbus 32. The physician then makes a small bleb of 
anesthesia, preferably about 1 mm to about 2 mm long, at this point. The physician 
then grasps the tissue raised by the bleb with a forceps, and then punctures a hole 
through conjunctiva 36 and Tenon's capsule 34 using an introducer needle. The 
introducer needle preferably has an outer diameter with the same gage as cannula 50 
or one gage larger than cannula 50. Next, the physician draws a drug formulation into 
a conventional syringe using a conventional straight needle. The needle is removed 
and cannula 50 is attached to the syringe. All air is removed from the syringe and 
cannula 50 so that the drug formulation is at tip 62. The physician then introduces 
cannula 50 through the hole made by the introducer needle, with orifice 64 facing 
sclera 16. With distal portion 52 in close contact with the outer surface of sclera 1 6, 
cannula 50 is advanced toward the back of the eye until bend 57 is at the site of the 
hole made by the introducer needle. At this point, tip 62 is preferably located about 5 
mm to about 6 mm from the center of optic nerve 22, and about 2 mm to about 3 mm 
from macula 30. The physician then injects the drug formulation by actuating the 
syringe plunger, creating drug depot 38 on the outer surface of sclera 16 generally 
above macula 30. Alternatively, the above-described technique may be performed in 
the inferior temporal quadrant of eye 10, in which case the patient is instructed to look 
up and toward his or her nose. 

In a second preferred technique, a physician first anesthetizes eye 1 0 using 
conventional topical anesthetic drops. Next, the patient is instructed to look down and 
toward his or her nose. Next, the physician creates a small incision in conjuctiva 36 
11 
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and Tenon's capsule 34 at a point about 8 mm to about 9 mm posterior to limbus 32 in 
the superior temporal quadrant of eye 10 using fine scissors. The physician then 
draws a drug formulation into a conventional syringe, and then attaches cannula 50 to 
the syringe, as described above. Cannula 50 is then inserted through the incision with 
orifice 64 facing sclera 16. With distal portion 52 in close contact with the outer 
surface of sclera 16, cannula 50 is advanced toward the back of the eye until bend 57 
is at the site of the incision. At this point, tip 62 is preferably located about 5 mm to 
about 6 mm from the center of optic nerve 22, and about 2 mm to about 3 mm from 
macula 30. The physician then injects the drug formulation by actuating the syringe 
plunger, creating drug depot 38 on the outer surface of sclera 16 generally above 
macula 30. If necessary, the incision may be sealed around cannula 50 using a purse 
suture to prevent reflux of the injected drug formulation. Alternatively, the above- 
described technique may be performed in the inferior temporal quadrant of eye 10, in 
which case the patient is instructed to look up and toward his or her nose. 

Depending on the physicochemical properties of the drug formulation, drug 
depot 38 preferably provides controlled release of a pharmaceutical^ active agent to 
macula 30 and retina 20 via sclera 16 and choroid 1 8 for a period of weeks or months. 
As the use of cannula 50 causes no "tenting" or substantial stretching of Tenon's 
capsule 34, cannula 50 should result in significantly less trauma to eye 10 than 
conventional cannulae when repeated injections are required. 

Cannula 50 can be used to deliver a wide variety of drug formulations to treat 
a wide variety of diseases of posterior segment 26. The drug formulation used to form 
drug depot 38 may be a solution, a suspension, an emulsion, an ointment, a gel 
forming solution, a gel, a bioerodable polymer, or a non-bioerodable polymer. The 
drug formulation used to form drug depot 38 may include one or more ophthalmically 
12 
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acceptable pharmaceutically active agents, and may also include conventional non- 
active incipients. Examples of pharmaceutically active agents suitable for this drug 
formulation are anti-infectives, including, without limitation, antibiotics, antivirals, 
and antifungals; antiallergenic agents and mast cell stabilizers; steroidal and non- 
5 steroidal anti-inflammatory agents; cyclooxygenase inhibitors, including, without 

limitation, Cox I and Cox II inhibitors; combinations of anti-infective and anti- 
inflammatory agents; decongestants; anti-glaucoma agents, including, without 
limitation, adrenergics, |3-adrenergic blocking agents, a-adrenergic agonists, 
parasypathomimetic agents, cholinesterase inhibitors, carbonic anhydrase inhibitors, 

10 and prostaglandins; combinations of anti-glaucoma agents; antioxidants; nutritional 

supplements; drugs for the treatment of cystoid macular edema including, without 
limitation, non-steroidal anti-inflammatory agents; drugs for the treatment of ARMD, 
including, without limitation, angiogenesis inhibitors and nutritional supplements; 
drugs for the treatment of herpetic infections and CMV ocular infections; drugs for the 

1 5 treatment of proliferative vitreoretinopathy including, without limitation, 

antimetabolites and fibrinolytics; wound modulating agents, including, without 
limitation, growth factors; antimetabolites; neuroprotective drugs, including, without 
limitation, eliprodil; and angiostatic steroids for the treatment of diseases or 
conditions of posterior segment 26, including, without limitation, ARMD, CNV, 

20 retinopathies, retinitis, uveitis, macular edema, and glaucoma. Such angiostatic 

steroids are more fully disclosed in U.S. Patent Nos. 5,679,666 and 5,770,592. 
Preferred ones of such angiostatic steroids include 4,9(1 l)-Pregnadien-17a,21-diol- 
3,20-dione and 4,9(1 l)-Pregnadien-17a,21-diol-3,20-dione-21-acetate. These 
preferred angiostatic steroids are preferably formulated as a suspension. A preferred 

25 non-steroidal anti-inflammatory for the treatment of cystoid macular edema is 
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nepafenac. The conventional non-active excipients may include, but are not limited 
to, ingredients to enhance the stability, solubility, penetrability, or other properties of 
the pharmaceutically active agent or drug depot 38. 

FIGS. 3A through 3E show additional preferred embodiments of cannulae for 
the creation of drug depot 38. Each of these cannulae have a proximal portion 54, hub 
56, bend 57, and hollow bore 58 substantially identical to that described above for 
cannula 50 of FIG. 2. However, each of these cannulae has a unique distal portion. 
Hub 56 of each of these cannulae is removably coupled to a conventional syringe 80. 
Each of these cannulae can be used to create drug depot 38 directly on the outer 
surface of sclera 16 generally above macula 30 in a manner substantially similar to the 
techniques described above for cannula 50. 

Cannula 82 of FIG. 3 A has a distal portion 52a with a geometry substantially 
identical to distal portion 52 of cannula 50, except that an orifice 64a is located on the 
end of tip 62 of distal portion 52a. Similarly, cannula 84 of FIG. 3B has a distal 
portion 52b with a geometry substantially identical to distal portion 52 of cannula 50, 
except that tip 62 has two orifices, 64 and 64b. Orifice 64b is located on the upper or 
exterior side of distal portion 52b. Alternatively, although not shown in FIG. 3B, 
orifices 64 and 64b may be located laterally, on opposite sides of distal portion 52b. 

Cannula 86 of FIG. 3C has a distal portion 52c with a geometry substantially 
identical to distal portion 52 of cannula 50, except that a plurality of orifices 64c, 64d, 
64e, and 64f are disposed on distal portion 52c proximate tip 62. Orifices 64c through 
64f are preferably disposed on distal portion 52c in the alternating pattern shown in 
FIG. 3C. Cannula 86 is useful when it is desirable to create a larger drug depot 38. 
Distal portion 52c may be formed with more or less than the four orifices shown in 
FIG. 3C, or with a different pattern of orifices than shown in FIG. 3C, if desired. 
14 
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Cannula 88 of FIG. 3D has a distal portion 52d with a geometry substantially 
identical to distal portion 52a of cannula 82 of FIG. 3 A, except that tip 62d has a 
globular or olive shape. Tip 62 thus serves as a scleral depressor, allowing a 
physician to view tip 62d through an ophthalmoscope as he or she guides cannula 88 
5 along the outer surface of sclera 16. Tip 62 is preferably sized to create as small a 

pathway as possible between Tenon's capsule 34 and sclera 16, but still function as a 
scleral depressor. A small pathway minimizes the possibility of drug formulation 
flowing anteriorly from drug depot 38. 

Cannula 90 of FIG. 3E has a distal portion 52e with a geometry substantially 

1 0 identical to distal portion 52 of cannula 50 of FIG. 2, except that tip 62e is also 

equipped with a fiber optic light source 92, allowing a physician to view tip 62e 
through an ophthalmoscope as he or she guides cannula 90 along the outer surface of 
sclera 1 6. A conventional power source 94 is electrically coupled to fiber optic light 
source 92 via conventional electrical wiring 96 that is preferably at least partially 

1 5 disposed within the wall of distal portion 52e and proximal portion 54. Fiber optic 

light source 92, power source 94, and wiring 96 may be incorporated into any of the 
cannulae disclosed in this application, if desired. 

FIG. 4 schematically illustrates a preferred embodiment of a cannula 100 for 
the creation of drug depot 38. Cannula 100 includes a lumen 102 having a geometry 

20 substantially identical to cannula 82 of FIG. 3 A. Cannula 1 00 also includes a second, 

separate lumen 104 disposed adjacent to lumen 102 and having a geometry 
substantially identical to cannula 82 of FIG. 3 A. Lumen 102 has a hub 56 removably 
coupled to a lumen 106a of a dual lumen syringe 106. Lumen 104 has a hub 56 
removably coupled to a lumen 1 06b of dual lumen syringe 106. 
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Cannula 100 can be used to create drug depot 38 directly on the outer surface 
of sclera 16 generally above macula 30 in a manner substantially similar to the 
techniques described above for cannula 50. However, cannula 1 00 allows the delivery 
of two separate drug formulations while creating drug depot 38. Alternatively, lumen 
1 04 of cannula 1 00 can be used to aspirate a non-bioerodable drug depot 38 that has 
dispensed all of its pharmaceutically active agent, and lumen 102 of cannula 100 can 
be used to inject a new drug depot 38. 

FIG. 5 schematically illustrates a preferred embodiment of a cannula 120 for 
the creation of drug depot 38. Cannula 120 has a geometry substantially identical to 
that of cannula 100, except that lumen 102 and lumen 104 join at a point 122 
proximate a single orifice 64f near the distal portions of the cannula. 

Cannula 120 can be used to create drug depot 38 directly on the outer surface 
of sclera 16 generally above macula 30 in a manner substantially similar to the 
techniques described above for cannula 50. However, cannula 120 allows the delivery 
of two separate formulations that require mixing just prior to injection out of orifice 
64f. 

From the above, it may be appreciated that the present invention provides improved 
apparatus and methods for sub-Tenon delivery of a drug depot to the posterior 
segment of a human eye proximate the macula. The apparatus and methods of the 
present invention increase patient safety, are easy for the physician to use, are capable 
of delivering a wide spectrum of formulations, and are capable of being performed in 
an outpatient setting. The apparatus and methods of the present invention are 
especially useful for localized delivery of pharmaceutically active agents to the 
posterior segment of the eye to combat ARMD, CNV, retinopathies, retinitis, uveitis, 
macular edema, glaucoma, and other posterior segment diseases. The apparatus and 
16 
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methods of the present invention are also particularly useful for the sub-Tenon 
delivery of drugs in the form of suspensions, emulsions, ointments, or gels, or drugs in 
such forms including bioerodable polymers or non-bioerodable polymers. 

The present invention is illustrated herein by example, and various 
modifications may be made by a person of ordinary skill in the art. For example, 
although the cannulae of the present invention have been described above in 
connection with the preferred sub-Tenon drug delivery generally above the macula, 
the cannulae can be used to deliver drugs directly on the outer surface of the sclera, 
below the Tenon's capsule, and generally above portions of the retina other than the 
macula. As another example, the arc length and/or radius of curvature of the distal 
portions of the cannulae may be modified to deliver drugs within the Tenon's capsule 
or the sclera, generally above the macula or other portions of the retina, if desired. 

It is believed that the operation and construction of the present invention will 
be apparent from the foregoing description. While the apparatus and methods shown 
or described above have been characterized as being preferred, various changes and 
modifications may be made therein without departing from the spirit and scope of the 
invention as defined in the following claims. 
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What is claimed is: 

1. A cannula, comprising: 

a distal portion having a radius of curvature substantially equal to a radius of 
curvature of a globe of a human eye; 
a proximal portion; and 

a bend separating said distal portion and said proximal portion, 
wherein a tangent of said distal portion at said bend is disposed at an angle of 
no more than about 56 degrees with respect to said proximal portion. 

2. The cannula of claim 1 wherein said distal portion comprises an arc 
length of about 1 5 mm to about 1 8 mm. 

3. The cannula of claim 1 further comprising: 

a hub coupled to said proximal portion for removably coupling to a syringe; 

and 

a hollow bore disposed axially within said distal portion and said proximal 
portion. 

4. The cannula of claim 1 wherein said distal portion comprises an 
interior side and a tip having an orifice on said interior side. 

5. The cannula of claim 1 wherein said distal portion has a radius of 
curvature substantially equal to a radius of curvature of a sclera of said eye. 

6. The cannula of claim 1 wherein said radius of curvature of said distal 
portion is about 1 1 .5 mm to about 14 mm. 

7. The cannula of claim 1 wherein said distal portion comprises a plastic, 

8. The cannula of claim 1 wherein said distal portion comprises a tip and 
an orifice proximate said tip, and wherein a part of said distal portion proximate said 
tip comprises a plastic, and a remainder of said distal portion comprises a metal. 

18 
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9. The cannula of claim 1 wherein said angle is about 56 degrees. 

10. The cannula of claim 3 wherein said distal portion comprises a 
plurality of orifices, each of said orifices communicating with said hollow bore. 

1 1. The cannula of claim 1 wherein said distal portion comprises a tip 
having a generally olive shape. 

12. The cannula of claim 1 wherein said distal portion comprises: 
a tip; and 

a fiber optic light source disposed proximate said tip. 

13. The cannula of claim 1 wherein said distal portion, said proximal 
portion, and said bend comprise a first lumen, and further comprising: 

a second lumen having a geometry substantially similar to said first lumen and 
disposed adjacent said first lumen. 

14. The cannula of claim 13 wherein said first lumen and second lumen are 
not in communication. 

1 5. The cannula of claim 1 3 further comprising a tip, and wherein said first 
lumen and said second lumen are in communication proximate said tip. 

1 6. The cannula of claim 3 wherein said bend prevents said syringe from 
interfering with a patient's face, nose, and eyebrows when said distal portion is 
inserted into said eye. 

17. A method of delivering a drug to a human eye, comprising the steps of: 
inserting a cannula below a Tenon's capsule and above a sclera of a human eye 

at a point posterior to a limbus of said eye, said cannula comprising: 

a distal portion having a radius of curvature substantially equal to a 

radius of curvature of a globe of a human eye; 
a proximal portion; and 

19 
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a bend separating said distal portion and said proximal portion, 
wherein a tangent of said distal portion at said bend is disposed at an 
angle of no more than about 56 degrees with respect to said proximal portion; 

injecting a drug through said cannula to form a drug depot on an outer surface 
of said sclera. 

18. The method of claim 1 7 wherein said distal portion of said cannula 
comprises a tip, and further comprising the step of disposing said tip proximate a 
macula of said eye. 

19. The method of claim 17 wherein said drug comprises a suspension. 

20. The method of claim 17 wherein said drug comprises an emulsion. 

21 . The method of claim 17 wherein said drug comprises an ointment. 

22. The method of claim 1 7 wherein said drug comprises a gel. 

23. The method of claim 19 wherein said suspension comprises a 
bioerodable polymer. 

24. The method of claim 19 wherein said suspension comprises a non- 
bioerodable polymer. 

25. The method of claim 17 wherein said distal portion has a radius of 
curvature substantially equal to a radius of curvature of a sclera of said eye. 

26. The method of claim 17 wherein said inserting step comprises inserting 
said cannula into a superior temporal quadrant of said eye. 

27. The method of claim 1 7 wherein said inserting step comprises inserting 
said cannula into an inferior temporal quadrant of said eye. 

28. The method of claim 17 wherein said drug comprises a 
pharmaceutically active agent selected from the group consisting of 4,9(1 1)- 
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Pregnadien-17a,21-diol-3,20-dione and 4,9(1 l)-Pregnadien-17a,21-dioI-3,20-dione- 
2 1 -acetate. 

29. The method of claim 17 wherein said drug comprises eliprodil. 

30. The method of claim 17 wherein said drug comprises nepafenac. 

5 31. A method of delivering a drug to a human eye, comprising the steps of: 

inserting a cannula below a Tenon's capsule and above a sclera of a human eye 
at a point posterior to a limbus of said eye, said cannula having a distal portion having 
a radius of curvature substantially equal to a radius of curvature of a globe of said eye; 
and 

10 injecting a drug through said cannula to form a drug depot on an outer surface 

of said sclera, said drug comprising a pharmaceutically active agent selected from the 
group consisting of 4,9(1 l)-Pregnadien-17a,21-diol-3,20-dione and 4,9(1 1)- 
Pregnadien- 1 7a,2 1 -diol-3 ,20-dione-2 1 -acetate. 

32. The method of claim 3 1 wherein said injecting step comprises forming 
1 5 said drug depot on said outer surface of said sclera generally above said macula. 

33. The method of claim 31 further comprising disposing a tip of said 
distal portion proximate said macula. 

34. A cannula, comprising: 

a hub for removably coupling to a syringe; 
20 a proximal portion; and 

a distal portion having a tip, an orifice proximate said tip, and a radius of 
curvature substantially equal to a radius of curvature of a globe of a human eye, 
wherein a part of said distal portion proximate said tip comprises a plastic. 

35. The cannula of claim 34 wherein a remainder of said distal portion 
25 comprises a metal. 
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36. The cannula of claim 1 wherein said distal portion and said proximal 
portion are 19 gauge. 
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